Aim of this study was to compare glycemic and insulinemic responses and feed intake patterns in sport ponies after feeding isoenergetic quantities of low-starch muesli feed high in fat and fibre (FF) or oat grains (OG). Six sport ponies were randomly assigned to one of these two treatment groups for 2 9 3 weeks according to a crossover-design. Ponies received two equal meals/day of either semi-crushed OG (1 g starch/kg bwt*meal
Introduction
Compound feeds rich in 'dietetic fibre' are gaining popularity, particularly for performance horses, including sport ponies. These feeds can provide a more balanced diet (Richards et al., 2006) because grains are no longer fed in isolation. It is also supposed that they prevent gastric and intestinal problems in particular in sport horses predisposed to gastric ulcers due to high stress levels (Bergero et al., 1998) . Nicol et al. (2005) described an impact of a diet high in fat and fibre (FF) vs. starch and sugar on the behaviour of young horses after weaning. Overall, the horses received a FF diet appeared less stressed. Nevertheless, cereal grains serve as an important energy source in which starch breakdown and absorption as glucose in the small intestine is desired. Because pancreatic amylase activity is particularly low in horses in a species comparison, precaecal starch digestion is restricted with clear differences between grain types and a reliably high digestibility with oat grains only (see for example Wolter and Gouy, 1976; Arnold, 1982; Heintzsch, 1995; Meyer et al., 1995) . Previous studies described an impact of thermal processing of diverse types of cereal grains on precaecal digestibility of starch (Meyer et al., 1995; Julliand et al., 2006; Zeyner, 2008 ) and glycemic as well as insulinemic responses in horses (Vervuert et al., 2003 (Vervuert et al., , 2004 (Vervuert et al., , 2007 . S€ arkij€ arvi and Saastoamoinen (2006) found a tendency of decreased digestibilities due to heat treatment. Bochnia et al. (2015a,b) confirmed the huge diversity of starch morphology in oats, barley and maize and further described sophisticatedly diverse morphological characteristics of distinct oat varieties, which might also influence metabolic responses. The glycemic index (GI) influenced by diverse treatments of cereal grains can provide information on the blood glucose concentrations induced by different foods after ingestion (Rodieck and Stull, 2007) .
In addition to the obvious benefits of glucose provision from starch digestion in the small intestine, frequent ingestion of high-glycemic diets and the subsequent downregulation of insulin receptors in target tissues might lead to a state of insulin resistance (Treiber et al., 2005) , which should be assessed as critical if the condition becomes chronic. Concentrates that do not induce high postprandial (PP) glycemic and insulinemic responses and have a low GI are thus required, particularly for animals with impaired insulin sensitivity such as equine metabolic syndrome or polysaccharide storage myopathy (Williams et al., 2001; Zeyner et al., 2006) . This strategy, however, may also be advantageous for healthy growing and adult horses, helping them to avoid the possible detrimental consequences associated with metabolic stress. Special diets for horses which include different ingredients with low GI as an energy source, such as chopped hay (alfalfa, timothy, GI < 55; Rodieck and Stull, 2007) , dried carrots, or oil can influence feed intake behaviour because the majority of them requires a more intense chewing process (Bonin et al., 2007; Bochnia et al., 2008; Bochnia, 2009) . The variable likely to affect chewing frequency (CF) and intensity (CI) are the nature of the food, especially its fibre content and particle size (Leue, 1941; Baker, 2002; Bonin et al., 2007) .The body size and particularly the species and breed of the animal are also important influencing variables (horses: Meyer et al., 1975; cattle: Bae et al., 1983; mammals in general: Druzinsky, 1993; Shipley et al., 1994; Gerstner and Gerstein, 2008) . A comparison of the literature examining chewing frequencies in horses and ponies (Meyer et al., 1975; Shingu et al., 2001; Br€ ussow, 2006; Bochnia, 2009) seems to be in line with the general trends reported by Shipley et al. (1994) for mammalian species, who reported an interspecific trend of decreased CF with increasing bwt. Within smaller breeds, the craniodental apparatus is minimised (interspecific allometry) so that these breeds are not able to ingest and chew as high feed quantities as warmbloods due within a defined time span (native ponies vs. warmbloods; Meyer et al., 1975 ; warmblood type vs. thoroughbred type horses; Ellis et al., 2005) . In such a case, the feed intake time is compensatory increased (Meyer et al., 1975) . In summary, there is evidence that both food texture and type of equids (breed) are additional factors influencing metabolic responses.
To the authors' knowledge, in smaller-sized equines such as ponies a direct comparison of the PP glycemic and insulinemic responses and diverse feed intake patterns following ingestion of isoenergetic quantities of either cereal grains or a compound feed high in fat and fibre has not yet performed or at least reported. Therefore, the objectives of this study were to compare the PP glycemic and insulinemic responses of sport ponies to a commercial concentrate feed (low in starch, high in fat and fibre) vs. isoenergetic quantities of oat grains and feed intake patterns associated with both concentrates. We hypothesised that a mueslitype low-starch compound feed containing larger sized fibrous particles decreases (i) the feed intake time and (ii) the glycemic and insulinemic response in comparison to oat grains in ponies.
Materials and methods

Animals and diets
Six sport ponies (three females, three geldings; age 6.3 AE 3.0 years; mean bwt 375 AE 28.8 kg; mean height at withers 140 cm; body condition score (BCS) 5.3 AE 0.6/9; Kienzle and Schramme, 2004) were housed in box stalls and trained for 1 h/day (driving with a carriage, dressage or marathon training in the field). The ponies were adapted to the type of exercise performed during the study because they were previously used as sport driving ponies. The animals were allocated randomly into two groups and received two equal meals/day (8 AM/6 PM) of either 1 g starch/kg bwt/meal from semi-crushed oat grains (OG) or isoenergetic quantities of a low-starch muesli feed high in FF in two 3 week-periods according to a crossoverdesign. The remaining metabolisable energy (ME) to cover the supply for 1.3-fold maintenance (maintenance: 0.52 MJ ME/kg bwt 0.75 ; GfE, 2014) was provided via meadow hay in two equal portions per day 1 h before the concentrates were provided (7 AM/ 5 PM). Motivation and performance were observed during the training sessions by the trainer himself in this study (noted in a training schedule after every session, scaled 1-3; 1 = bad work: uninterested, lazy, many mistakes; 3 = good work: attentive, dutiful, diligent, no mistakes). The ponies were weighed, and the BCS was determined at the beginning and end of the study.
Fat and fibre was a commercial compound muesli feed with ingredients in the following descending order: apple chips, grass and alfalfa chaff, wheat straw chaffs, sunflower seeds, minerals (major elements), vegetable oil, carob fruit, carrots, desiccated coconut, chips from beetroot, linseed, pea and a premium vitaminised mineral feed additionally supplemented with L-lysine and L-threonine (13.2% and 12.7% of DM analysed in the mineral feed, respectively). The analysis of the nutrient composition of the feed used in this study is given in Table 1 .
Blood collection and feed intake patterns
Blood was collected on day 21 of the feeding period in question 1 h after each horse received 500 g of hay (0 min). At this time point (0 min) concentrate was provided, and blood was sampled 30, 60, 90, 120, 180, 240 and 300 min after the starting point of the meal. Blood was collected in tubes to separate serum (contains clot activators) or to separate plasma (contains sodium fluoride). Feed intake patterns were measured in four sport ponies (n = 4; two females, two geldings) per treatment group via a modified halter (Bochnia, 2009) . The halters were prepared with a rubber sleeve under the mandible, which passed pressure differences to a pressure transducer during a chewing cycle which can be sampled as chewing frequencies in counts per logging interval (per second). These were saved in a data logger, which has to be read out after a testing period using a special programme (Tinytag Explorer). The detected and from this calculated feed intake patterns were the following: feed intake time related to both dry matter (DM) and neutral detergent fibre (NDF; FIT DM in min/kg DM and FIT NDF in min/ kg NDF), the quantity of feed intake within a defined period of time (feed intake amount, in g DM/min), the chewing frequency [in number of chews (NC)/s] and the chewing intensity (NC/kg DM).
Analytical methods
Proximate analysis of nutrients in the feed was carried out according to the Association of German Agricultural Research Laboratories (Verband Deutscher Landwirtschaftlicher Untersuchungs-und Forschungsanstalten; VDLUFA 1976; Naumann and Bassler, 1976) . Analysis for starch, fructans and individual mono-and dimeric sugars was performed as described by Zeyner et al. (2015a) . Plasma glucose was determined by use of a Hitachi 912 automated analyzer (Roche Diagnostics GmbH, Mannheim Germany; Koeller et al., 2014) . Serum insulin was determined via an immune radiometric assay (Insulin-Coa-ACount-RIA-Kit; Zeyner et al., 2006) .
Statistical analysis
The following parameters were calculated: area under the curve (using non-overlapping trapezia and triangles) for plasma glucose and serum insulin at 120 and 300 min PP, peak and baseline concentration. Furthermore feed intake time (FIT DM and FIT NDF ), feed intake amount, chewing frequency and chewing intensity were analysed with SAS (version 9.4, SAS Inst., Cary, NC) using the MIXED procedure with one fixed effect (treatment; one-way ANOVA). Additionally, insulin and glucose concentrations as a function of eight time points (0, 30, 60, 90, 120, 180, 240 and 300) were analysed using models with fixed effects of treatment and time point, and the interaction of GfE (2014) and Zeyner et al. (2015b) . †Sum of starch, mono-and dimeric sugars and fructans. ‡Calculated according to Kienzle and Zeyner (2010) and GfE (2014) . treatment x time point. 2ơ-rule was used to detect extreme outliers at each time point. The KolmogorovSmirnoff test was used to check the normality of the studentised residuals. The Kenward-Roger method was used to approximate the degrees of freedom. Statistical significance was accepted at p < 0.05. Least square means of all traits (AE standard error) are reported.
Results
Ponies maintained their bwt (374 AE 30.1 kg) and BCS (5.3 AE 0.54/9) during the study (p > 0.05). Baseline plasma glucose concentrations and serum insulin concentrations were similar for the OG and FF groups ( Table 2 , Fig. 1 ; p > 0.05). Under treatment with OG, plasma glucose and insulin increased, with the peaks typically at 90 and 120 min PP (5/6 ponies each). Plasma glucose and insulin levels completely returned to baseline by 300 min PP (Fig. 1) . Treatment with the FF feed resulted in a reduced glycemic and insulinemic response in comparison with OG, with significantly lower peaks of glucose and insulin PP ( Fig. 1 ; p < 0.05). The AUCs for glucose and insulin at 120 and 300 min PP were higher with OG than with FF (Table 2 ; p < 0.05). OG was ingested faster than FF, with a higher chewing frequency and a higher quantity of feed (g DM) consumed per min (Table 2 ; p < 0.05). Though one horse exhibited comparatively high PP concentrations of plasma glucose and serum insulin after being fed both diets, it was not excluded because statistical pre-testing (distribution, 2ơ-rule) revealed that the horse still belonged to the population that should be represented by the random animal survey. The motivation and performance of the sport ponies were similar during the daily training sessions after feeding with either type of feed (nearly always 3 of 3 points).
Discussion
In the current study, basal plasma glucose concentrations for both diets were approximately 5 mmol/L and increased up to 6-8 mmol/L PP over the 90-120 min interval for OG only. This is within the range of the results found following the feeding of similar quantities of cereal grains of different origins to adult healthy horses (Vervuert et al., 2003 (Vervuert et al., , 2004 (Vervuert et al., , 2007 Zeyner et al., 2006; Orgis, 2014) . Interestingly, after feeding with the muesli feed, glycemic and insulinemic responses declined ( Fig. 1 ; for glucose p < 0.05). The starch content was very low, but there are also other factors that could influence postprandial glucose and insulin concentrations, including the type and amount of non-structural carbohydrates (NSC, starch and water-soluble carbohydrate) and the rate of meal ingestion (Harris and Geor, 2009 ). Nevertheless, the results suggest that the GI of this meal is rather low. Maybe a possible explanation for the declined glycemic response is a glucose need for the chewing act (0.1-0.2 MJ ME/kg DM, Vermorel and Mormede, 1991; Vernet et al., 1995) and further metabolic processes (gluconeogenesis, glycolysis) during ingestion time. However, besides the mentioned facts a concluding statement regarding the declined glycemic and insulinemic responses in sport ponies after feeding with FF cannot be made. Novel studies, for example, conducted by Bamford et al. (2014 Bamford et al. ( , 2015 assessed PP concentrations of glucose, insulin and the glucagon-like peptide-1 (GLP-1) in horses in comparison with ponies after feeding with a starch-rich diet twice daily. GLP-1 is an incretin hormone from specialised enteroendocrine cells that exerts insulinogenic effects on the pancreas (Hampton Bold characters indicate significant differences (p < 0.05). *n = 6; †n = 4.
et al., 1986). Bamford et al. (2015) showed significantly larger insulin responses in ponies with positively correlated GLP-1 concentrations than in Standardbred horses adapted to eating twice-daily meals. These findings highlight the significance of the incretin response in driving differences observed in PP insulin responses. Similar to the results reported by Bamford et al. (2015) , in the current study, one pony demonstrated extremely high glucose and insulin responses (data not shown) after being fed both diets relative to other individuals in the group. This pony did not eat faster, nor did it have an increased BCS. Because plasma glucose concentrations were also high, this pony might have had very efficient starch digestion and glucose absorption. Examining GLP-1 levels in this horse in comparison with the other ponies could provide additional insights. Bamford et al. (2015) did not detect any differences in GLP-1 in their pony group. The authors reasoned that plasma glucose was presumably the main stimulus for insulin secretion, but insulin clearance by the liver and the degree of PP hyperinsulinemia may have also contributed. In general, certain breeds of ponies (i.e., Shetland, Fell, Welsh, and Dartmoor ponies, Icelandic horses or a mix of these breeds) are prone to insulin resistance and the development of laminitis (height at withers < 149 cm; Luthersson et al., 2016) . The sport pony in the present study belongs to the noble types of ponies (even though height at withers = 140 cm), which are not suspected to have an increased risk for laminitis (Luthersson et al., 2016) . Nevertheless, further studies should include this parameter, in particular to interpret individual effects in horses/ponies and to improve our understanding of equine hyperinsulinemia and its relationship with laminitis prevalence in domestic horses. According to the proposed hypothesis, feed intake time and chewing frequency were significantly higher for the muesli feed, indicating that the ingredients demand a more intensive chewing process. But although the data set evaluated here shows significant differences, such as an increased feed intake time and decreased chewing frequencies with increased dietary fibre content, the sample size is too small to definite general conclusions. However, the numbers do lend credence to the notion that, especially on more fibrous diets, ponies chew them more intensively. More data on chewing patterns after feeding FF diets should be generated to support the results. An intensive mastication of the muesli feed is associated with the production of large amounts of saliva (Meyer et al., 1975 (Meyer et al., , 1986 . In horses, reduced saliva production, for example, by feeding more concentrate to substitute roughage, seems to be related to the incidence of gastric ulceration (Coenen, 1992; Murray et al., 1996; Luthersson et al., 2009) . A diet high in roughage (for example, by adding hay chaffs) consumed by horses over a longer period of time can promote dental health through a greater range of mandibular motion (Bonin et al., 2007) , but the content of added chaffs can differ and for that the physical composition can induce a selectivity of the horse. Adding alfalfa different superscripts indicate significant differences of individual time points within one diet *significant differences between the diets within one individual time point.
chaffs (30%) and green hay chaffs (5%) increased feed intake time significantly (Brøkner et al., 2008) whereas only 3.5% alfalfa chaffs did not change the feed intake patterns (Brøkner et al., 2006) . In the current study, the FF was a commercial feed and contains approximately 30% of chaffs, which is in the range of Brøkner et al. (2006) . Besides the added amount, the length of the chaffs seems to be an influencing factor. Nevertheless, choosing a length of 2.5 vs. 4 cm did not change the feed intake time (Ellis et al., 2005) . The high content of NDF [FF: 467 g/kg DM (present study); 445 g/kg DM (alfalfa hay; Janis et al., 2010) nearly in the range of hay in general] could additionally be the reason of the lengthened feed intake time (FIT NDF for FF: 34 min/kg NDF vs. OG: 18 min/kg NDF) where FF is in the range of previous studies for hay ingestion (FIT NDF : 35 min/kg NDF; Janis et al., 2010) . Fibre-rich ingredients decrease the energy content of those compound feeds. Therefore, a higher quantity must be consumed if the meals are to be isoenergetic. A higher quantity can lengthen the feed intake time per se, but all parameters (chewing frequency, chewing intensity and feed intake time) refer to a fixed dimension (kg DM) for which a direct comparison should be possible. The energetic requirements of high performance horses or ponies are met more easily by feeding with more energy-dense concentrated feeds low in fibre. This study can show that a feed high in fat and fibre can also ensure adequate performance and motivation in horses. To the author 0 s knowledge, an exclusive meal size effect has not yet been shown by previous studies and should be included in future studies. When considering the chewing frequency and feed intake time of sport ponies, it is surprising that the patterns are comparable to literature data from warmbloods (Meyer et al., 1975; Shingu et al., 2001; Br€ ussow, 2006; Bochnia, 2009) . Previous studies revealed significant differences between ponies and warmbloods (Meyer et al., 1975; Brøkner et al., 2006) . Future studies should examine differences between ponies and warmbloods fed the same diets. If these results are confirmed, the much more rapid ingestion of oat grains or other cereal grains in ponies could be a misprized risk factor and needs to be evaluated further.
Conclusion
The results of this study indicate that in adult healthy sport ponies, a low-starch muesli feed high in fat and fibre does not cause PP increases of plasma glucose or insulin, which may be beneficial for equines with reduced glucose tolerance. However, the importance of the declined plasma glucose following the intake of the muesli feed needs to be investigated further. The prolonged feed intake time for such a concentrate compared to that for semi-crushed oat grains is advantageous. The ponies, however, consumed the oat grains much more rapidly than described previously, which might be an underrated risk factor and needs to be verified.
